IC 2144 is a small reflection nebula located in the zone of avoidance near the Galactic anticenter. It has been investigated here largely on the basis of Keck/HIRES optical spectroscopy (R ≈ 48,000) and a SpeX spectrogram of the near-IR (R = 2000) obtained at the NASA IRTF. The only star in the nebula that is obvious in the optical or near-IR is the peculiar emission-line object MWC 778 (V = 12.8), which resembles a T Tauri star in some respects. What appear to be F-or G-type absorption features are detectable in its optical region under the very complex emission line spectrum; their radial velocity agrees with the CO velocity of the larger cloud in which IC 2144 is embedded. There are significant differences between the spectrum of the brightest area of the nebula and of MWC 778, the presumed illuminator, an issue discussed in some detail. The distance of IC 2144 is inferred to be about 1.0 kpc by reference to other star-forming regions in the vicinity. The extinction is large, as demonstrated by [Fe II] emission line ratios in the near-IR and by the strength of the diffuse interstellar band spectrum; a provisional value of A V of 3.0 mag was assumed. The SED of MWC 778 rises steeply beyond about 1 µm, with a slope characteristic of a Class I source. Integration of the flux distribution leads to an IR luminosity of about 510 L ⊙ . If MWC 778 is indeed a F-or G-type premain-sequence star several magnitudes above the ZAMS, a population of faint emission Hα stars would be expected in the vicinity. Such a search, like other investigations that are recommended in this paper, has yet to be carried out.
Introduction
On conventional photographs such as the Palomar Sky Atlas, IC 2144 appears as a roughly rectangular object about 25 ′′ × 16 ′′ that might be mistaken for a small irregular galaxy like M82, or an H II region. It is in fact a complex reflection nebulosity, apparently illuminated by an off-center star of V = 12.8, and embedded in a small, rather inconspicuous dark cloud. That star 1 was found by Merrill & Burwell (1949) to have Hα as well as lines of Fe II and [Fe II] in emission. They named it MWC 778 and assigned type Bpe. In what follows, we continue to distinguish between the star MWC 778 and the nebulosity IC 2144.
IC 2144 is reproduced in Figure 1 from an exposure obtained with the SuprimeCam instrument behind an Hα filter at the Subaru Telescope 2 and kindly made available by Bo Reipurth. MWC 778 is located near the white spot in the overexposed nebulosity. The nebula appears to be much larger (about 120 ′′ × 100 ′′ ) and more complex than apparent on earlier images. Figure 2 is the same image plotted on a logarithmic intensity scale. The internal structure is shown in Figures 3a, b , and c, which are R-band images of IC 2144, extracted from 2 s snapshots (obtained in poor seeing) of the slit plane of the Keck I HIRES spectrograph during one of the spectroscopic exposures to be described later. Very bright nebulosity immediately surrounds the star and extends about 5 ′′ to the northwest (the image of MWC 778 itself is slightly elongated in the same direction), where it splits into two curving forks, best seen in Figure 3b , which is the same image as Figure 3a , on a logarithmic intensity scale. At longer wavelengths the surface brightness of IC 2144 becomes so high and so structured as to confuse the 2MASS J, H, and K s images, which have a resolution of about 4 ′′ .
Optically, the appearance of the interior of IC 2144 is defined by what appears to be a band of dust in the shape of a reversed question mark that begins north of MWC 778, curves as it crosses the bright background of the nebula to the east, and appears to unwind as it disappears against the faintly luminous background south of MWC 778. There is a faint (R magnitude about 17) star (arrowed in Fig. 3b ) about 4 ′′ northwest of MWC 778, at the beginning of this feature, and another about 3 ′′ southwest. It is unknown whether they are related to the nebula, or if the brighter of the two northeast forks is really the illuminated base of the dust band. Allen (1974) noted the emission lines of H, Fe II, [Fe II] and [S II] in MWC 778, and performed the first near-IR photometry out to 18 µm. He commented that "its almost linearly rising energy distribution [in the λF λ , λ plane] is unique." The IRAS fluxes (it is the point source 05471+2351 and the Small Scale Structure Source X0547+238) reinforce that impression: they have not begun to decline as far as the 100 µm point, although the IRAS catalog notes that both the 60 and 100 µm fluxes are uncertain because of the bright background. Published photometry of the star is collected in Table 1 , but it is not always clear what aperture size was used, or if allowance was made for a contribution by the bright nebulosity. agreement with [Fe II] . However, both [O I] λ6300 and λ6363 are double, with peak velocities of +13 and +29 km s −1 . That region (on the 2004 spectrum) is shown in Figure 5 , where the splitting of the [O I] lines is apparent (see the expanded profile of λ6300 in Fig. 5 ), as is the striking difference between the widths of permitted and forbidden lines. Despite their duplicity, the FWHM of the combined [O I] lines is only about 60 km s −1 , as compared to 220 km s −1 for Si II λ6347.
The Fe II lines are double, with a splitting of about 72 km s −1 . This is most obvious in the weaker Fe II lines such as λλ 5234 and 5362, shown in Figure 6 (plotted on a velocity scale), while in the strongest, such as λλ 4923 and 5018, it is apparent only as unresolved structure in the shortward wing. The [Fe II] lines, on the other hand, are narrow and single (see two examples in Fig. 6 ), at a mean velocity of +16.5 ± 1 km s −1 , in clear contrast to Fe II at −28 ± 2 and +44 ± 2 km s −1 .
The spectrum of MWC 778 is cluttered with line emission, but an absorption-line spectrum is dimly discernible in the clearer regions. No real classification is possible, but most of the detectable lines are those expected of an F-or G-type star, although a late A type cannot be ruled out. Those lines are shallow, probably because of veiling, and are not sharp; their widths correspond to a v sin i of 30-40 km s −1 . This is apparent in Figure 7 , a plot of the 6080-6160Å region in MWC 778 (top), compared to that region in the G0 V star HR 8314 (bottom), and (middle) the same HR 8314 spectrum broadened to v sin i = 35 km s −1 . Note that the vertical scales in the several panels of Figure 7 are very different in order to display each spectrum at approximately the same line amplitude.
The Li I 6707Å line is present in MWC 778, as expected for a pre-main-sequence star, at an equivalent width of 47 mÅ. The velocity of the absorption spectrum, from 23 measurable lines, is +13 ± 2 km s −1 The B-type absorption spectrum suspected by Vieira et al. (2003) is not in evidence.
The CO cloud velocity at IC 2144 is +14.1 ± 0.3 km s −1 according to Blitz et al. (1982) and +13.8 ± 0.1 according to Wouterloot & Brand (1989) . In the optical region of MWC 778, strong interstellar Na I D 1,2 lines are present on the HIRES spectrograms (equivalent widths 0.85 and 0.74 A) at +13 km s −1 . The one unblended interstellar K I line λ7698 is at +12 km s −1 . Two sets of much weaker IS lines fall in the shortward wings of the D lines, at −4 and −15 km s −1 . The diffuse interstellar band spectrum is strong; several diffuse interstellar bands (DIBs) are indicated in Figure 5 . Equivalent widths and velocities of some of the more prominent DIBs are given in Table 2 ; their mean velocity is +12 ± 1 km s −1 .
The agreement of cloud CO and MWC 778 absorption line velocities is as expected if the star formed within that cloud. The agreement with the optical interstellar velocities (Na I, K I) is compatible with the idea that that material also is associated with the CO cloud, although at that longitude only a weak dependence of velocity upon distance is expected.
The emission spectrum of MWC 778 is very similar to that of another high-luminosity premain-sequence object, LkHα-101, in which the Fe II lines also are double, the [Fe II] (Herbig et al. 2004) . In that case, the Fe II splitting was interpreted as produced in a tipped annulus in rotation around a 15 M ⊙ star.
3.
Near-Infrared Spectroscopy MWC 778 was observed at the NASA Infrared Telescope Facility on Mauna Kea on 2005 October 21, 17:30 UT with SpeX, the facility near-infrared medium-resolution cross-dispersed spectrograph . Eight individual exposures, each lasting 90 s, were obtained using the short-wavelength cross-dispersed (SXD) mode of SpeX. This mode yields spectra spanning the wavelength range 0.8-2.5 µm divided into six spectral orders. The observations were acquired in "pair mode," in which the object was observed at two separate positions along the 15 ′′ -long slit. The slit width was set to 0. ′′ 3, which yields a nominal resolving power of 2000 for the SXD spectra. The slit was set to the parallactic angle during the observations. The airmass was about 1.08. Observations of an A0 V star, used as a "telluric standard" to correct for absorption due to Earth's atmosphere and to flux calibrate the target spectra, were obtained immediately preceding the observations of MWC 778. The airmass difference between the observations of the object and the standard was 0.05. A set of internal flat fields and arc frames was obtained immediately after the observations of MWC 778 for flat fielding and wavelength calibration purposes.
The data were reduced using Spextool ), the IDL-based package developed for the reduction of SpeX data. The Spextool package performs nonlinearity corrections, flat fielding, image pair subtraction, aperture definition, optimal extraction, and wavelength calibration. The eight sets of spectra resulting from the individual exposures were median combined and then corrected for telluric absorption and flux calibrated using the extracted A0 V telluric standard spectra and the technique and software described by Vacca et al. (2003) . The spectra from the individual orders were then spliced together by matching the flux levels in the overlapping wavelength regions, and regions of poor atmospheric transmission were removed. The final spectrum is shown in Figure 8 , and in expanded sections in Figure 9 . The signal-to-noise ratio varies across the spectral range, but is of the order of 100 at the shortest wavelength and rises to several hundred at the center of the K band. Table 3 is a list of the wavelengths, identifications, fluxes, and equivalent widths of emission lines measured on this spectrogram.
The errors of the line fluxes and equivalent widths were estimated following the procedure of Cushing et al. (2005) , which uses the errors of the individual pixel values as produced by Spextool Vacca et al. 2004) , and follows the method of Sembach & Savage (1992) .
The photometric magnitudes of MWC 778 (source 4 in Table 1 ) were estimated by multiplying the SpeX spectrum by the MKO filter transmission functions (Tokunaga et al. 2002) and integrating over the passbands.
Electron Density and Temperature
The multitude of emission lines present in the NIR spectrum of MWC 778 allow, in principle, the physical parameters of the line-emitting regions to be determined via the comparison of observed line strength ratios with theoretical values. Of course, the observed line strengths are affected by extinction, and to properly take this into account, an iterative procedure is required. Nevertheless, there are several relevant line ratios available on which extinction has a relatively minor effect, and that can be used to estimate the electron density (n e ) and temperature (T e ).
The [Fe II] lines in the J and H bands provide three line ratios that can be used for this purpose. Bautista et al. (1995) used the Fe II model of Pradhan & Zhang (1993) ] ∼ 4.1, the observed ratio corresponds to T e ∼ 8000 K; a lower limit as reddening will reduce the observed line ratio.
The Spectrum of the Nebulosity
One expects that the spectrum of a reflection nebulosity illuminated by MWC 778 would mimic that of the star. That is not the case. The slit of the second HIRES exposure crossed the brightest area of IC 2144 west and northwest of the star, as shown in Figure 3c . The spectrum of the nebula was extracted at four positions along that 7 ′′ -long slit; the boundaries of these segments are marked in that figure. A sky sample was taken from the end of the slit above segment D, and subtracted from each segment. There is a considerable variation in both emission lines and continuous background along the slit, the brightness of both being highest at segment B. However, the two do not maintain a fixed ratio as would be expected if the same illuminating source were being scattered at all positions along the slit. The effect is shown in Table 4 , where the brightness (pixel −2 ) of [O I] λ6300, averaged over its central 0.24Å, is compared to the brightness of the nearby continuum, both expressed in units of the continuum brightness in segment B. The [O I] lines are double in both star and nebula, but at different velocities: +13 and +29 km s −1 in the star, +1 and +13 km s −1 in the nebula; see Table 5 for details.
There is a striking difference between star and nebula in the profiles of Hα and Hβ. Figure  4 shows the two lines in the star (above) and in the nebula (below), the latter being the sum of the spectra extracted from the four slit segments. Both lines in the nebula are structureless and nearly symmetric, while what appears to be a shortward absorption reversal in the star is absent in the nebula. Furthermore, the line peaks in the nebula are displaced 10-20 km s −1 shortward with respect to their positions in the star. These differences, as well as a less obvious mismatch in the longward wing, are apparent when the profile of Hα in the star is superposed upon the profiles of that line from the four individual samples of the nebular spectrum: see Figure 10 , and the details in Table 5 .
The lines of [Fe II] that are so prominent in MWC 778 are essentially absent (with respect to Fe II) in the nebula. The evidence is in Table 6 , where the equivalent widths of (mostly) unblended lines of Fe II and [Fe II] in star and in nebula are compared. Table 7 One explanation of the differences between star and nebula might be that they result from a travel-time effect. That is, could the spectrum of MWC 778 have changed before that change was replicated in the nebular spectrum? The projected separation between the star and the point in the nebula where that spectrum was obtained is about 5 ′′ , which at 1 kpc corresponds to a light travel time of 29/cosφ days, φ being the inclination of the radius vector to the plane of the sky. Variations in the emission-line spectra of pre-main-sequence stars are of course well known, but in the case of MWC 778 there is no evidence of change in the shortward structure of Hα between the two HIRES observations, 344 days apart. More observations would be instructive, but at the moment this remains a somewhat unlikely possibility.
6.2.
Or Another Illuminator of the Nebula?
Another possibility is that the nebula might be illuminated to a significant degree, not by MWC 778, but by some other source that is deeply obscured as seen from our direction. If so, at IR wavelengths the intensity peak might move away from the optical position of MWC 778. To explore this possibility, IRAC images of the field (at 3.6, 4.5, 5.8 and 8.0 µm) were extracted from the Spitzer archive. 5 About ten stars whose coordinates are available from the USNO A2 compilation lie within about 3 ′ of MWC 778, and at least six of these were measureable on all the IRAC images and served to define a common (α, δ) coordinate system in which the intensity peak of each image could be located. It was found that there was no systematic shift in its position between 0.65 and 8.0 µm; the total scatter around the mean position was 0. s 03, 0. ′′ 4. The faint star arrowed in Figure 3b does not appear in the Spitzer images, and thus is of no concern in this connection.
Polarization imagery, by discovering the direction from which the nebula is illuminated, could settle the question of whether there is a source other than MWC 778. The polarization maps of the nebula presented by Perrin (2006) do not suggest that there is another source. One has to say that if there were another illuminator of the nebula, it would be surprising that its spectrum is so similar, almost in detail, to that of MWC 778. A useful additional test would be to determine if the F-G absorption lines of MWC 778 are present also in the nebular spectrum. Unfortunately, the present spectrum of the nebula is too noisy (S/N ≈ 15 in the continuum) for that check.
6.3.
Or MWC 778 Seen from Different Directions?
There remains the more interesting possibility, rather than the nebula being illuminated by some other source, that MWC 778 is in fact the illuminator but is not spherically symmetric, and so looks quite different as seen from our direction and from any point in the dust that it illuminates.
Although the profile of Hα remains about the same through the sequence of nebular samples A through D, its equivalent width decreases with (projected) distance from the star. The [O I] lines are double in both star and nebula, but at different velocities, velocity separations, and equivalent widths; the details for both Hα and λ6300 are given in Table 5 .
The λ6300 line is seen in many of the TTS and HAeBe stars observed by Acke et al. (2005) . Although a variety of line profiles was found, λ6300 is double in some objects, notably in two of the three HAeBe stars studied by van der Plas et al. (2008) , although in those stars the peak intensity of the line was only 0.05 to 0.10 of the continuum intensity, as compared with 2 to 2.5 in MWC 778. Nevertheless, their interpretation of the doubling as the consequence of emission in an unresolved, inclined disk might apply to MWC 778. We pursue that possibility.
Imagine that the rotational axis of the central star embedded in the image of MWC 778 is inclined to the line of sight, is directed to the northwest, and that it is surrounded by an equatorial disk in Keplerian rotation. Then the double Fe II lines (splitting 72 km s −1 ) could be formed in the disk near the star, while the double [O I] lines (splitting 16 km s −1 ) would be formed farther out. The low n e 's inferred from [S II] and [Fe II] and the fact that lines of both ions are single indicate that they originate still farther out in the disk where the orbital velocity is too small for their splitting to be resolved. The different sites thus inferred for [S II] and [O I] may be a consequence of the latter being favored nearer the star by a special mechanism, namely the UV photodissociation of OH and H 2 O (see Acke et al. 2005 for references). Then the "reversed question mark" feature in the nebula, which resembles the one-armed dust spirals seen at some pre-main-sequence stars like SU Aur, may be material unwound from the disk periphery. If the flux of the outflowing wind that produces the shortward absorption reversals at the Balmer lines is latitude dependent, then the strength of that feature in the nebular spectrum would depend upon the location of the viewing point in the nebula.
If the [O I
] splitting is indeed due to disk rotation, the unequal peak intensities ( Table 5 ) would mean that the [O I] brightness is nonuniform in disk azimuth. Then the difference in doublet splitting between star (16 km s −1 ) and nebula (about 11 km s −1 ), and the change in doublet intensity ratio between star and nebula would be explained if the nebula "sees" the disk at a different inclination and from a different direction. The shortward velocity shift of the doublet midpoint and of the Balmer lines from star to nebula would then be explained by motion of nebula with respect to star.
Unexplained is the peculiar shortward structure at Hα and Hβ in the star. The emission wings of those lines would have to be extended about 2Å shortward, with respect to the nebular profiles, to provide a background if that is indeed an absorption reversal. Another possibility is that it is not an absorption at all, but only a gap between the main emission peak and a secondary emission peak at −127 km s −1 at Hα or at −145 km s −1 at Hβ. Yet no such feature at those displacements is present in the spectrum of MWC 778 at the He I, Fe II, or unblended Paschen lines (P14, P17, P20).
Future observations should clarify these issues.
Extinction
The extinction as inferred from the optical colors will be discussed later, but other indicators also are available.
(1) Normally, the numerous Paschen and Brackett emission lines in this spectrum would provide excellent diagnostics of the reddening of MWC 778. However, as is apparent in Figure 11 , the relative line strengths do not vary in a manner consistent with Case B. Specifically, ratios of the strengths of higher order Pa lines to Paβ, and Br lines to Brγ appear to be far too strong compared with the Case B predictions of Hummer & Storey (1987) for all but the most extreme combinations of electron temperature and density: T e < 3000 K and 10 7 < n e ≤ 10 10 cm −3 . Probably the lower members of the Pa and Br series are optically thick (or somehow otherwise suppressed relative to the higher levels). Our measured Paβ/Brγ line ratio agrees quite well with the "Case C" values given by Xu et al. (1992) , which applies when both the Lyman and Balmer line series are optically thick. In this case, one would expect that some of the lowest lying Pa and Br lines should also be optically thick (Storey, private communication). Unfortunately, Xu et al. (1992) did not give theoretical ratios for any other combination of lines seen in our spectra.
An attempt was made to fit the relative fluxes of various sets of higher order H lines in both the Br and Pa series, allowing the electron density, electron temperature, and reddening to vary. No consistent value of the reddening could be found that resulted in acceptable fits to all of the lines considered. In fact, when the analysis was restricted to only the higher order (n > 12) Br line fluxes, the best fits yielded negative reddening values. Nussbaumer & Storey (1988) , and the extinction law of Rieke & Lebofsky (1985) result in a color excess of E(B − V ) = 0.75 ± 0.06, or A V = 2.31 ± 0.19.
(2) As remarked, the interstellar diffuse band spectrum is very strong; several DIBs are indicated in Figure 5 . The equivalent widths (and velocities) of some prominent features are given in Table 2 , together with the average W 's of the same bands in five of the B-type stars in the obscured cluster NGC 1579 (Herbig et al. 2004) . Obviously, the DIBs are substantially stronger in MWC 778 than in those B stars, by a factor 1.3 on the average. Since the average A V of those stars is 3.5 mag, the implication is that the extinction of MWC 778 is still larger. But it is well known that although DIB strengths increase with extinction in a general sense, there is significant scatter about any regression line, there are substantial local variations, and DIB strengths do not respond to the heavy extinction of dense molecular clouds or of circumstellar material.
The looseness of the correlation of DIB strength with color excess is illustrated by the relationship between the equivalent width of the λ5780 DIB and E(B − V ) from Herbig (1993) . The W (λ5780) of MWC 778 from Table 2 leads to E(B − V ) = 0.83, or A V = 2.57, but the values for individual stars near that value of W spread between E(B − V ) = 0.63 and 1.6, or A V = 1.95 and 5.0.
Given the scatter of these indicators, we can say only that for MWC 778, A V may be about 3 mag. Figure 12 shows the SED of IC 2144/MWC 778, constructed from the data of Table 1 The energy contained in the infrared excess between 2 and 100 µm can be estimated by integrating the flux densities F λ between these limits. If it is assumed that A V = 3.0 mag and that the distance is 1 kpc, the resulting IR luminosity is 370 ± 40 L ⊙ , where that uncertainty reflects only the assumed 30% uncertainties in the IRAS 60 µm and 100 µm flux densities. An estimate of the additional excess beyond 100 µm can be made by assuming that it follows a Planck distribution peaking at that wavelength (Cohen 1973; Chavarría-K. 1981) . This adds about 140 L ⊙ to the above value. As pointed out by the referee, such luminosities assume that the object radiates isotropically.
Luminosity
Note that the optical-region fluxes include not only the near-point-source MWC 778, but at longer wavelengths a larger fraction of IC 2144.
Consider what can be learned about MWC 778 by the color of that steeply rising section of the SED shortward of about 1 µm. The solid curve in Figure 12 , passing through the open circles as far as 0.366 µm, is the Planck function for 15,000 K, corresponding to a mid-B-type star. That is quite incompatible with the absorption spectrum. The discrepancy is somewhat smaller if one considers instead the (V − I C ) color, thus avoiding the contribution of the strong emission lines in the blue and near-ultraviolet. The contributions of line emission to the V and I C magnitudes, obtained by summing the equivalent widths of all measureable lines across the V and I C passbands, are estimated as 0.03 mag and 0.05 mag, respectively, so the corrected V and (V − I C ) are 12.83 and +1.48. Table 8 gives the main-sequence spectral types (Bessell & Brett 1988) corresponding to this color if normal reddening is assumed, and correction is applied for several values of A V . Absolute magnitudes M V follow if V is corrected for those A V 's and distances of 0.7, 1.0, and 1.3 kpc.
But this suggests a mid-A spectral type for the star, still in conflict with the actual classification of F or G (although as explained, that type is very uncertain because of heavy interference by the overlying emission spectrum). Either of the following two assumptions could reduce this disagreement.
(1) The foregoing hinges on the assumption of normal reddening, i.e., that R V = A V /(B−V ) = 3.1. Larger values of R V are often found in dense clouds, so consider the possibility that here R V has the not unreasonable value of 5.0. The consequent value of the extinction correction can be estimated from the relationships provided by Cardelli et al. (1989) from which A λ /A V can be obtained as a function of λ and R V . These, weighted by the filter transmission and integrated across the V and I C passbands, result in A V /E(V − I C ) values of 2.44 for R V = 3.1, and 2.96 for 5.0. The inferred spectral type for A V = 3.0 mag then moves from A5 V (Table 8) to F3.5 V, a better match for the actual classification.
(2) The discrepancy would be lessened also if A V is smaller than has been assumed, if (for example) A V = 2.0 instead of 3.0 mag, then the region shortward of 1 µm would conform to a 9000 K Planck function (early A type) and the (V − I C ) color to type F9 V (Table 8) .
Neither assumption can be ruled out at this time. But the correct explanation of this discrepancy between color and spectral type may turn out to be very simple: that an object with a bizarre emission-line spectrum like MWC 778 cannot be expected to have the colors and energy distribution of a normal ZAMS star.
Final Remarks
How is MWC 778 to be classified? Figure 13 shows the location of about 70 of the premain sequence stars of the Tau-Aur clouds in the (B-V),(U-B) plane, from the compilation of Kenyon & Hartmann (1995) . Points in boxes are classical T Tauri Stars (CTTS) having W (Hα) > 60Å (CTTS), solid points are CTTS having W (Hα) between 10 and 60Å, and small open circles are weak-line T Tauri stars (WTTS; W (Hα) < 10Å). A large cross marks the location of MWC 778. Clearly, it falls among the CTTS, as would be expected from its large W(Hα), but it is earlier in type than most of the TTS in that area of Figure 13 , and it is atypical also in the prominence of the [Fe II] spectrum and other forbidden lines as [Ni II] λλ 7377, 7412 and [Cr II] λ8000, and the weakness of the IR Ca II lines. Somewhat similar emission line patterns can be found among the stars observed by Hamann & Persson (1989) and Hamann (1994) , which included LkHα-101. Certainly, MWC 778 is of much higher luminosity than conventional TTS, as shown particularly by its SED.
If the MWC 778 point in Figure 13 is translated to the upper left along the reddening vector by A V = 3.0 mag, it approaches the ZAMS in the early B region, as would be expected from the fit to the dereddened SED shortward of 1 µm described above.
On the basis of the evidence presented here, MWC 778 is an F-or G-type pre-main-sequence star several magnitudes above the ZAMS. It is not a T Tauri star, but might be considered a later-type analog of the HAeBe stars.
Our picture ( § 6.3) envisages disk structure concealed within the unresolved image of MWC 778. Perrin (2006) has suggested that there is a much larger disk also illuminated by MWC 778 that is outlined by the curved arc extending about 6 ′′ north of the star, and by its shorter extension to about 4 ′′ south. We have been referring to this structure as "the nebula." Our discussion of its spectrum is based on a sample taken at the base of the northern arc about 3 ′′ -5 ′′ west and northwest of the star (Fig. 3c ). Perrin's idea could be tested by high-resolution CO spectroscopy of the entire area.
We stress that the investigation of IC 2144, its contents, and its neighborhood has just begun, and that the values of distance and extinction that we have adopted are provisional. A closer examination of the absorption spectrum of MWC 778 is recommended. Very desirable would be a search for the faint Hα-emission stars that would be expected in and around IC 2144 if MWC 778 is in fact the most massive member of such a population. At longer wavelengths, high-resolution CO mapping of the nebula could be very worthwhile, for example because it is not obvious whether the 'reversed question mark' seen against the bright background of IC 2144 (Figs. 2 and 3 ) represents a real feature or is simply the shadow of structure near MWC 778 thrown on that dust screen. An examination at longer IR wavelengths and in the submillimeter of MWC 778 is also desirable.
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The main peak of the Hα emission line is at +73. km s −1 , the shortward minor peak is at −115. km s −1 , and the interpeak minimum is at −64. km s −1 .
b The main peak of the Hα emission line is at + 68. km s −1 , the shortward minor peak is at −98. km s −1 , and the interpeak minimum is at −59. km s −1 . and that are identified in Fig. 3c . The colors indicate green = section A, black dotted = B, red = C, blue = D. The peak intensities have been set equal for this plot. Note that the shortward reversal and the asymmetry of the main peak of the star's Hα are not present in the spectra of the 'arc'. Furthermore, the peak in the star is about 20 km s −1 longward of that in the nebula, and the longward wings do not match. There are also more subtle differences between the Hα profiles from the various slit sections. Hummer & Storey (1987) for T e =10 4 K and n e = 10 4 cm −3 for the Br line ratio intensities (upper solid curve) and for the Pa lines (lower solid curve). The dashed lines represent the Case B predictions for T e = 10 4 K and n e = 10 8 cm −3 for the Br line ratio intensities (upper dashed curve) and for the Pa lines (lower dashed curve). The observed line ratios for large n upper are far stronger than predicted by Case B for any density value, which suggests that the lines are optically thick. Correction of the observed line fluxes for extinction increases the deviations from the Case B prediction. Table 1 . The open circles are the same data corrected for normal reddening of A V = 3.0 mag. The solid line is the Planck distribution for T = 15,000 K, shifted vertically to fit the optical points. The vertical bars on the 60-and 100 µm points indicate 30% errors. Herbig & Bell (1988) . The large cross marks the location of MWC 778.
